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INTRODUCTION

The risk of exposure to exotic and uncommon tropical dis-
eases has increased in parallel with the globalization of the
food supply, increased consumption of fresh foods, and in-
creased travel. The rapid transport of fresh fruits and produce
from developing countries has increased the chance that en-
demic parasites from other regions may come into contact with
consumers from industrialized nations. Changes in nutritional
habits have resulted in increased consumption of undercooked
or raw foods, thus potentially exposing consumers to parasites
that proper food processing would otherwise reduce or elimi-
nate (135). As international travel becomes more frequent, so
does the risk of acquiring microbes in industrialized nations
where they are not endemic, as is the case for Cyclospora.

Enforcement of international food trade and implementa-

tion of methods using hazard analysis and critical control
points (HACCP) may play a relevant role in the control of
food-borne illnesses (20). As we review the biology, epidemi-
ology, treatment, and control of Cyclospora, we demonstrate
some of the challenges and discuss limitations associated with
preventing or controlling food-borne pathogens.

BIOLOGICAL CHARACTERISTICS

History of Discovery

Some of the initial cases of Cyclospora infection were noted
in the 1980s, when the AIDS epidemic emerged and Crypto-
sporidium was identified as one of the most important oppor-
tunistic infections among AIDS patient populations. Because
of the increased use of acid-fast stains, Cyclospora oocysts were
also observed. These oocysts were initially misdiagnosed as
Cryptosporidium or assumed to be an artifact.

The first published report of Cyclospora infection in humans
can probably be dated to 1979. Ashford (6) described coccidian
organisms causing diarrhea in two children and a woman in
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Papua New Guinea and concluded that they could be a coc-
cidian of the genus Isospora. In 1986, Soave et al. (176) de-
scribed four travelers returning from Mexico and Haiti with
flu-like illness and suggested that the causative agent was a
new enteric pathogen. In subsequent reports, Cyclospora
was described as a coccidian-like body (CLB), cyanobacte-
rium-like body, blue-green alga, or large Cryptosporidium. In
1989, Naranjo and collaborators described 53 cases of CLB
infection in Peru and concluded that CLB was an unidentified
flagellate (129). In 1989, Hart et al. examined an AIDS patient
in Chicago with chronic diarrhea and with no history of recent
travel, and they found similar structures in the stool samples
(80). Then, in the early 1990s, Long and collaborators (72, 109,
171) described blue-green algae as the causative agent of se-
vere diarrhea in eight international travelers who had been to
Mexico, South America, India, or Southeast Asia and also in
expatriates living in Nepal. The spherical bodies observed did
not have organelles with membranes, but the authors described
lamellar structures similar to chloroplasts.

In 1991 and 1992, Ortega and collaborators (142) character-
ized this controversial organism as a new coccidian species
capable of infecting humans and belonging to the genus Cy-
clospora. In reports published in 1993 (142) and 1994 (138), the
name Cyclospora cayetanensis was proposed. The etymology of
the nomen triviale was derived from Peruvian University
Cayetano Heredia, Ortega’s alma mater and the research base for
the field studies that collected the Cyclospora-positive speci-
mens (138). In 1995, molecular phylogenetic analysis of the
small-subunit (SSU) rRNA gene suggested that Cyclospora was
a parasite closely related to the Eimeria genus (157). Since
then, more than 400 scientific articles have been published
describing biological and molecular characteristics, epidemiol-
ogy, therapy, and measures for control of Cyclospora.

Taxonomy

Cyclospora measures 8.6 �m (7.7 to 9.9 �m) in diameter.
When this parasite is excreted in stools, it is an undifferentiated
sphere containing a morula. The oocyst has a bilayered wall. A
polar body and oocyst residuum are also present. It takes more
than 1 week for the oocysts to sporulate. When sporulated, the
oocyst has two sporocysts (4 by 6.3 �m) and stieda and sub-
stieda bodies. Each sporocyst contains two sporozoites (1.2 by
9 �m) that are folded in two (138).

Cyclospora belongs to the subphylum Apicomplexa, subclass
Coccidiasina, and family Eimeriidae. Thirteen Cyclospora species
have been described for vipers, moles, myriapodes, and rodents,
including Cyclospora viperae, C. glomericola, C. babaulti, C. tropi-
donoti, C. anglomurinensis, C. caryolytica, C. talpae, C. ashtabulen-
sis, C. megacephali, C. parascalopi, C. niniae, C. scinci, and C.
zamenis (138, 169).

In 1995, Cyclospora-like oocysts were described for baboons
and chimpanzees. The sporulation times were similar for oo-
cysts of these Cyclospora spp. and those of C. cayetanensis
(174). In 1999, phylogenetic analysis using the 18S rRNA gene
demonstrated that the Cyclospora species from baboons was a
different species, closely related to C. cayetanensis, and that
these two Cyclospora species constituted a coherent clade
within the Eimeria species (113). That same year, on the basis
of SSU rRNA sequence analysis, Eberhard et al. (61) charac-

terized and described three new species of Cyclospora in non-
human primates: C. cercopitheci in green monkeys, C. colobi in
colobus monkeys, and C. papionis in baboons. These species
cannot be differentiated by light microscopy, as they are mor-
phologically similar. Moreover, these four species of Cyclo-
spora seem to be host specific.

Cyclospora-like structures have also been reported to infect
cattle in China. Molecular analysis of an extended region of the
SSU rRNA sequence described by Li et al. (106) suggested that
these structures were a different species of Cyclospora. Of 168
specimens collected from dairy farms, 6 (4.7%) were positive
for these Cyclospora-like organisms (193). Further studies are
needed to conclusively determine the identity of this Cyclo-
spora-like organism.

Life Cycle

Individuals with Cyclospora infection excrete unsporulated
oocysts in their feces (Fig. 1). These oocysts require 7 to 15
days to sporulate under ideal conditions (23 to 27°C) and
presumably become infectious to a susceptible host. When
food or water contaminated with infectious oocysts is ingested
by a susceptible host, the oocysts excyst and sporozoites are
released to infect epithelial cells of the duodenum and jeju-
num. Asexual multiplication results in type I and II meronts.
The latter differentiate into sexual stages or gametocytes. The
macrogametocyte is fertilized by the microgametocyte and pro-
duces a zygote. Oocysts are then formed and excreted into the
environment as unsporulated oocysts. The extended period for
oocysts to sporulate and become infectious raises questions as
to where and how sporulation occurs. Unsuccessful attempts to
infect animals or cells with sporulated oocysts suggest the need
for a specific, unknown trigger to initiate infection (63).

Thus far, C. cayetanensis infections have been identified only in
humans. The role of other animal species as reservoirs or inter-
mediary hosts has been examined, with conflicting results. Cyclo-
spora oocysts have been found in feces of chickens (37, 62, 70),
ducks (62, 197), and dogs (27, 37, 62, 194) collected in countries
where Cyclospora is endemic (27, 62, 63). However, attempts to
experimentally infect a variety of animals (63) and humans (5)
have been unsuccessful. The presence of Cyclospora in stools from
animals could be explained by eating or coprophagic habits of the
surveyed animals. Nonetheless, it cannot yet be ruled out that
animals may play a role in the dissemination of Cyclospora by
contaminating water and food products. Two reports indicate that
Cyclospora can be propagated in guinea pigs (191) and albino
mice (162). These studies could not be reproduced, and further
analyses are needed to determine the susceptibility of these ani-
mals to infection by Cyclospora and their suitability as hosts or
reservoirs of C. cayetanensis.

Insects, rotifers, and free-living nematodes could also play a
role in the dissemination of oocysts, a phenomenon that has
been described for Cryptosporidium (67, 74, 75, 90, 179) and
other food-borne pathogens. The nematode Caenorhabditis
elegans can ingest and excrete infectious bacteria (23, 98, 99) as
well as Cryptosporidium parvum oocysts. Although the oocysts
of Cyclospora are larger and may not be ingested by C. elegans,
other, larger species of free-living nematodes could have a
significant role in Cyclospora oocyst dissemination. Therefore,
the role of free-living nematodes and other mechanical vectors
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in the contamination of produce and other food crops needs to
be examined further (90).

Cyclospora oocysts have been detected in nongastrointesti-
nal samples. There are two reports of oocysts in the sputa of
HIV patients with a history of pulmonary tuberculosis (55, 93),
suggesting that Cyclospora could be considered an opportunis-
tic pathogen. Travel to rural areas and ingestion of contami-
nated foods could be modes of infection. Accidental inhalation
of oocysts has also been suggested (93).

CLINICAL PRESENTATION

Cyclospora infection is characterized by anorexia, nausea, flat-
ulence, fatigue, abdominal cramping, diarrhea, low-grade fever,
and weight loss (42, 68, 83, 140, 171). The clinical presentation is
somewhat different in areas of endemicity, where asymptomatic
infections are more frequent. Nevertheless, younger children
have more severe clinical symptoms. In endemic settings, in-
fections tend to be milder as children get older, as the duration
of the infection is shorter and the severity of disease decreases.
As in young children, the elderly may also present with a more
severe illness (8, 11, 42).

In areas where Cyclospora is not endemic, infections are
almost invariably symptomatic, and there are reports of se-
vere clinical manifestations. An HIV-positive patient returning
from a trip to Southeast Asia presented with excessive watery
diarrhea and pronounced fatigue (127). There are infrequent

reports of fatalities associated with Cyclospora infections. A
43-year-old otherwise healthy patient infected with Cyclospora
had concomitant diarrhea and fever (21). During the course of
the febrile illness, the patient suffered cardiac arrest. It was
suggested that the cause could be a possible complication after
febrile illness including Cyclospora infection that could poten-
tially lead to fatal ventricular dysrhythmia.

Symptoms associated with cyclosporiasis are more severe in
HIV/AIDS patients. Moderate weight losses (�3.5 kg) were
reported for non-AIDS patients (170, 171), whereas losses
(�7.2 kg) were more severe in AIDS patients (171). The me-
dian incubation period is about 7 days (68, 83); however,
the average duration of diarrhea for HIV-positive patients is
longer than that for HIV-negative patients (199 days and 57.2
days, respectively) (163, 172).

The time at which untreated expatriates in Nepal presented
with diarrhea was at 19 to 57 days (171). Diarrhea lasted more
than 3 weeks in people who contracted Cyclospora infection at
a wedding in the United States (68). The reported frequency of
bowel movements in immunocompetent people with diarrhea
is 5 to 15 times a day. In addition to the explosive loss of fluids,
D-xylose malabsorption has also been reported (44).

Biliary disease has also been reported after Cyclospora in-
fections (50, 172). Acalculous cholecystitis was reported for
HIV-positive and AIDS patients (172, 196) and resolved after
initiation of treatment. These patients presented with right

FIG. 1. Life cycle of Cyclospora cayetanensis. Unsporulated oocysts differentiate into sporulated oocysts, which undergo the excystation process.
Sporozoites infect cells to form type I merozoites, and these form type II merozoites. The sexual-stage microgametocyte fertilizes the macroga-
metocyte to become a zygote and thus to differentiate as an unsporulated oocyst.
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upper quadrant abdominal pain and elevated alkaline phos-
phatase levels (171).

Coinfection with Cyclospora, Cryptosporidium, and other
parasites has been described for immunocompetent and im-
munocompromised individuals (9). Guillain-Barré syndrome
(GBS) (158) and Reiter syndrome (41) have also been re-
ported following Cyclospora infection. In the first case, 18 h
after admission the patient was quadriparetic, areflexic, and
mechanically ventilated. Circumstantial evidence suggested a
Cyclospora-induced immune response resulting in severe GBS
(158). In the second case, the patient had cyclosporiasis and
was sulfa allergic and thus could not be treated with tri-
methoprim-sulfamethoxazole (TMP-SMX). Later, this patient
developed ocular inflammation, inflammatory oligoarthritis,
and sterile urethritis. Although Reiter syndrome could have
been coincidental, the authors proposed Cyclospora as another
infectious trigger for Reiter syndrome (41).

Histopathology

Cyclospora infects the small intestine, particularly the jeju-
num. Nine patients with gastrointestinal illness caused by
CLBs (now called Cyclospora) in Nepal were examined endo-
scopically. They had histological evidence of small bowel in-
jury. Five had moderate to marked erythema of the distal
duodenum. Oocysts were observed in the duodenal aspirates.
All patients had mild to moderate acute inflammation of the
lamina propria, and neutrophils were observed in 5 of 9 cases.
Additionally, diffuse chronic inflammation of mild to moderate
degree was present in all samples. An increase of plasma cells
in the lamina propria was also observed (44). Histopathologi-
cal alterations of the epithelial tissue included focal vacuoliza-
tion at the tips of the villi of the surface epithelium, loss of the
brush border, and alteration of cells from a columnar to cuboid
shape. The architecture of the tissues showed mild to moder-
ately severe partial villous atrophy and crypt hyperplasia, char-
acterized by shortened blunted villi and increased crypt length
and mitosis. Interestingly, no parasitic vacuoles were observed
in any of the biopsy sections examined (44). In 1996, Deluol
et al. (52) described supranuclear intracytoplasmic vacuoles
with 6 to 8 comma-shaped structures (merozoites) in a patient
with Cyclospora infection (Fig. 1). The same year, Sun et al.
(178) described the presence of multiple parasitic vacuoles
containing asexual-stage Cyclospora organisms in intestinal bi-
opsies of an HIV-positive patient who had just returned from
the Dominican Republic. This patient had a low CD4� cell
count (224 cells/�l) and presented with chronic inflammation
of the duodenum and stomach. Organisms were present in the
supranuclear location of the mucosal villi and absent in the
crypts. Histological examination of biopsies of the stomach,
rectum, and transverse and sigmoid colon did not reveal any
organisms. In 1997, Ortega et al. (140) demonstrated the pres-
ence of sexual-stage coccidian organisms in 17 patients with
Cyclospora infection. The presence of sexual and asexual stages
in the same host is suggestive that the life cycle can be com-
pleted within one host. Two types of meronts, the asexual
stages, were observed. Type I had 8 to 12 merozoites, each
measuring about 0.5 by 3 to 4 �m. Type II meronts had 4
merozoites, measuring 0.7 to 0.8 by 12 to 15 �m. Biopsies of
these patients showed diffuse edema and infiltration of the

villous mucosa by mixed inflammatory cells. Plasma cells and
lymphocytes were notoriously present, and eosinophils were
also numerous in 4 of 17 cases.

In 1999, Connor et al. (42) described additional lesions in
three patients with cyclosporiasis. They reported an accumu-
lation of myelin-like material (MLM) between the base and
sides of the enterocytes. In one of the cases, these dense MLM
appeared later in the infection, suggesting an ongoing inflam-
matory or immunologic process.

EPIDEMIOLOGY

Most of the information concerning the epidemiology of
Cyclospora is from travelers (Table 1) and inhabitants of areas
where this protozoan is endemic, such as Haiti, Guatemala,
Peru, and Nepal (Table 2). Interestingly, some of these reports
precede the true identification of C. cayetanensis.

In Haiti, 34% of patients seeking attention for chronic diar-
rhea at the Gheskio AIDS Clinic in Port-au-Prince had Cyclo-
spora infection; 60% had Cryptosporidium infection, and 15%
had Isospora infection (156). In a cohort study of HIV-positive
adults who had diarrhea for at least 3 weeks, 11% (51/450
patients) had Cyclospora infection (144). In a series of epide-
miological investigations in a Haitian community, Cyclospora
prevalence was found to be higher in February, at 20 of 167
individuals (12%), than in April, at 4 of 352 individuals (1.1%).
The prevalence rate for children under 10 years of age was
22.5% in February, 3% in April, and 2.5% in January. In this
study, exposure to water was the only variable significantly
associated with infection (111).

Epidemiological studies were conducted in Guatemala (13)
to assess risk factors for cyclosporiasis (14). The study included
a 1-year outpatient surveillance in two health centers; rasp-
berry farm cohorts at three farms, two of which were impli-
cated in the 1996 outbreak in the United States; and a case-
control study where the majority of participants were from
health care facilities. A total of 5,552 specimens were screened
for Cyclospora. Children were five times more likely to show
cyclosporiasis than adults, and AIDS patients had significantly
higher rates of infection (relative risk [RR], 87; 95% confi-
dence interval [CI], 16.2 to 847). The overall prevalence of
Cyclospora was 2.3%, and infection was more common in the
warmer months, coinciding with the spring raspberry har-
vest. The Cyclospora detection rate occurred predominantly
between May and August, with the June rate being the highest
(6.7%). In addition, high levels of fecal contamination were
observed in the rivers from May to July. Estimates of 15,000 or
more oocysts per 10 liters were reported. The prevalence of
Cyclospora was 3.5% in children aged 1.5 to 4 years (RR, 5.1;
95% CI, 2.8 to 9.1) and 3.8% in children aged 5 to 9 years (RR,
5.5; 95% CI, 3 to 10.1), according to surveillance studies (14).
Similar results were obtained from the case-control studies,
where the highest prevalence was in children aged 1.5 to 9
years (11.6%).

In another study in Guatemala, fecal samples were collected
for 1 year (April 1999 to April 2000) and examined for the
presence of Cyclospora (151). Of these samples, 43.5% were
from raspberry farm workers, 23.4% were from malnourished
children, and 33.1% were from HIV or AIDS patients. One of
111 malnourished children and 6 of 157 HIV/AIDS outpatients
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had Cyclospora infection. No cases were observed in farm
workers. Differences between farm workers in the two Guate-
malan studies may have been associated with age. Participants
in a previous study (12) had a median age of 16 years, with a
range of 9 to 73 years, whereas in the latter study the median
age was 29 years, with a range of 15 to 61 years (13).

In Lima, Peru, two prospective cohort studies were done
during 1988 to 1991 (142). The first study, focused on children
from 1 to 2 1/2 years of age, revealed that the prevalence of
Cyclospora was 18% (26/147 children). The average age at
infection was 23.3 months, and 28% of the infected children
had diarrhea. The second study evaluated children from 1
month to 1 1/2 years of age. The prevalence of Cyclospora was
6% (15/230 children), with an average age at infection of 15.4
months, and 11% of infected children had diarrhea. For com-
parison, the Cryptosporidium prevalence was 70% in the first
study group and 42% in the second group. Differences in
prevalence rates for Cyclospora in both studies reflect the age

at which children were exposed to Cyclospora, most likely from
foods (142).

A cross-sectional study was conducted in Lima from 1992 to
1994 (115). It enrolled children older than 2 years of age and
demonstrated that the highest prevalence (2%) was among
children aged 2 to 4 years. The prevalence peaked during the
summer months, when 3 to 4% of children were infected, and
decreased during the winter months. All adults (older than 18
years of age) examined in the area were negative for Cyclo-
spora.

In another longitudinal study involving Peruvian children
aged 1 to 10 years, conducted from February 1995 to Decem-
ber 1998, the number of infections per child-year was highest
among participants aged 1 to 9 years (0.21 to 0.28 episode/
child-year). Of the children with Cyclospora infection, 33% had
at least one detected episode of infection, 30% had two infec-
tions, and 10% had more than three infections. After an initial
episode of cyclosporiasis, diarrhea decreased significantly in
the following infections (15).

An outbreak of Cyclospora infection was reported for adults
in November 2004 in Peru. Among subjects living at a naval
recruit training base, 127 of 274 (46.3%) individuals presented
with diarrhea (27 cases were laboratory confirmed) (180). All
ate their meals at the base dining hall. Analysis of the epide-
miological curve suggested a common point source, with an
incubation period of 2 to 6 days.

Cyclospora has also been reported for children living in mar-
ginal urban districts of Trujillo, Peru (145). The prevalence of
Cyclospora in these children (1 to 9 years old) was 13% (45).

Nepal is another area where Cyclospora is endemic and
where several studies have been performed to better under-
stand the epidemiology of the parasite. Between 1989 and June
1991, 964 samples were obtained from travelers and expatri-
ates (89). Cyclospora was identified in 108 (11%) people with
gastrointestinal symptoms. The prevalence of Cyclospora in
Nepalese children aged 6 to 60 months who also had diarrhea
was 5%, while only 2% of asymptomatic children had cyclo-
sporiasis (87).

In Turkey, Cyclospora was identified in 1.91% of fecal sam-

TABLE 1. Case reports of Cyclospora infection in
returning travelers

Country of origin Visited country or countries
(no. of cases) Reference

Australia Indonesia (1) 28
Australia (Queensland) Variousd 121

Indonesia (1) 175
Belgium Indonesia (2) 110
Canada Indonesia (1) 154
Chile Cuba (1) 116
France Variousa 24

Variousb 51
Indonesia (1) 148
Nepal (2), Pakistan (1) 188

Germany Singapore/Java/Bali (2) 147
Greece Morocco (1) 97
Ireland Nepal (2), Pakistan (1) 46
Italy Nepal (1), Indonesia (1) 32

Bolivia/Peru (1) 59
The Netherlands Variousc 159

Indonesia (4) 187
New Zealand Vietnam (1) 131
Spain Variouse 71

Guatemala (7) 153
Sweden Various f 104
Turkey Greek Islands (1) 183
United Kingdom Variousg 16

Dominican Republic (2) 77
Varioush 149

United States Mexico (4), Thailand (1) 18
Haiti (1) 43
Puerto Rico (1), Mexico (2) 192

a Turkey (2), India (2), Indonesia (1), and Madagascar (1).
b Vietnam (2), India (3), Bali (2), Java (1), Pakistan (2), and Dominican

Republic (3).
c Sri Lanka (2), Thailand (1), Pakistan (2), Peru/Bolivia (1), Indonesia (1),

India (1), and Southeast China (1).
d Papua New Guinea (1), Australia (1), and Bali (3).
e Dominican Republic (4), Mexico (2), Guatemala (1), India (4), Malaysia (1),

Indonesia (5), Sri Lanka (1), Turkey (1), and Gabon (1).
f Vietnam (1), Turkey (1), Lebanon (1), Colombia (1), and Eastern Europe (1).
g Indonesia (11), Nepal (8), Solomon Islands (1), United Kingdom (3), Cam-

bodia (2), Thailand (2), Far East (1), Southeast Asia (2), India (9), Southeast
Asia/Africa (1), Morocco (1), Nigeria (1), Tanzania (1), Turkey (5), Mexico/
Cuba (1), Bangladesh (4), India/Nepal/Thailand (2), Mexico/China (2), Bulgaria
(1), Indonesia/Hong Kong (1), and Nepal/Hong Kong (1).

h Indian Subcontinent (6), Cambodia (1), Mexico (1), Solomon Islands (1),
and Australia (1).

TABLE 2. Case reports of individuals with Cyclospora infection and
without a reported travel history

Country (city/state) of origin No. of casesa Reference

Argentina 2 HIV� 185
Argentina (Buenos Aires) 1 HIV� 55
Bangladesh (Dhaka) 6 10
Brazil (Rio de Janeiro) 1 HIV� 167
Cuba 2 HIV� 164
Guatemala (Guatemala City) 4 with AIDS 152
Italy (Rome) 1 120
Italy 2 with AIDS 117
Italy (Apulia) 1 HIV� 25
Malaysia 4 HIV� 173
Mexico (DF; Guerrero) 2 150
Papua New Guinea 3 12
South Africa 3 119
Turkey (Kayseri) 6 HIV� or HIV� 195
Turkey (Ankara) 5 163
United States (Chicago, IL) 4 192
United States (Massachusetts) 3 133

a HIV�, HIV positive; HIV�, HIV negative.
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ples examined in a hospital (49). In Izmir and vicinity, Western
Turkey, 23 of 4,986 immunocompetent patients were positive
for Cyclospora. Of the positive patients, 23% were under 9
years old. The incidence was higher in summer and early au-
tumn (July to November), when the ambient temperature was
20 to 25°C and the mean rainfall was less than 6 mm (hot and
dry) (182). In another study, examining 3,180 hospital patients
in the Dakahlia governorate, 3% had Cryptosporidium and
4.2% had Cyclospora infection.

Forty-nine specimens from immunocompromised patients
(Hodgkin’s lymphoma and acute lymphoplastic leukemia pa-
tients) with severe diarrhea were analyzed. Of those patients,
24.5% of patients contained Cyclospora and 14.3% contained
mixed infections with Cryptosporidium (81).

In Ismalia, Egypt, Cyclospora was identified in the sputum of
an HIV-positive patient with active pulmonary tuberculosis
with purulent sputum and dyspnea (93). In the Egyptian
Sharkia governorate, 340 samples were collected (65). Cyclo-
spora was identified in 5.6% of individuals with diarrhea and
2.3% of individuals without diarrhea.

Cyclospora infections have also been described in Venezuela
(34–36), Brazil (3, 73), Colombia (17), Cuba (53, 124, 130), and
Argentina (185) (Table 2).

Susceptible Populations

There are defined patterns of susceptibility. In industrialized
nations, most people are susceptible to infections. The suscep-
tible populations in areas of endemicity, in contrast, are re-
stricted to the very young and the very old. In developed
nations, cyclosporiasis has been observed in tourists (0.6%) or
expatriates visiting countries where the disease is endemic (Ta-
ble 1), in the immunocompromised, and in immunocompetent
hosts with no foreign travel history. C. cayetanensis was de-
tected in 9.1 to 13.6% of clinical cases among expatriates living
in a developing country; most of these cases were adults (69).
Infections were clustered during the wet season, and feces
contained 100 to 327,600 Cyclospora oocysts per gram. Lower
rates of C. cayetanensis infection were observed in school chil-
dren, with 0.6% of asymptomatic cases showing infection, at an
incidence of two infections per 19.3 person-years.

In areas of endemicity, young children are more likely to
develop clinical symptoms. The severity of symptoms and du-
ration of infection tend to be milder after repeated infections,
which could be suggestive of acquired immunity. Older chil-
dren and adults may either be resistant to infections or have
asymptomatic infections.

Reservoirs

The transmission of Cyclospora through domestic animals
was suggested in early epidemiological surveys and studies
conducted in areas of endemicity. A few reports have described
the presence of Cyclospora oocysts in the feces of chickens (70,
168), ducks (197), and dogs (194). Other studies surveying
feces of cattle, horses, pigs, goats, dogs, cats, guinea pigs,
turkeys, chickens, ducks, and pigeons did not find Cyclospora in
these animal species (27, 62, 141). Attempts to infect different
animals (chickens, ducks, mice, gerbils, hamsters, rabbits, rats,
sand rats, ferrets, pigs, dogs, monkeys, and baboons) with C.

cayetanensis have been unsuccessful, suggesting host specificity
(63). More recently, Chu et al. (37) identified C. cayetanensis in
domestic animals by PCR, but whether these findings repre-
sent true or spurious infections remains to be clarified. Other
studies described the presence of Cyclospora-like oocysts in
zoo animals (nonhuman primates, carnivores, and artiodac-
tyla) (146). The diagnostic methods used included examination
of the fecal smear by direct and concentration methods fol-
lowed by light microscopy observation of the fecal suspension.
Giemsa and acid-fast stains were also included in the study.

Shellfish have been proposed to concentrate oocysts from
contaminated waters. Controlled laboratory studies with fresh-
water clams (Corbicula fluminea) showed that 48 to 100% of
the clams retained Cyclospora oocysts for up to 13 days (76).

Risk Factors and Prevalence of Cyclosporiasis

Epidemiological studies have shown that consumption of
untreated water, lack of adequate sanitation, and the presence
of animals in the household are associated with increased risk
of Cyclospora infections (14, 197). The first report of water-
borne transmission of Cyclospora described a 1990 outbreak
that affected physicians and administrative staff in a Chicago
hospital (91). The tap water in the physician’s dormitory was
implicated as the most likely source of contamination because
stagnant water in a storage tank could have contaminated the
water supply after a pump failure. Bird feces were noted on the
storage tank brim as well as on the canvas cover of the storage
tanks, although the examination of water samples did not re-
veal Cyclospora oocysts. A follow-up study of the same out-
break revealed that drinking tap water (RR, 11.6; 95% CI, 2.7
to 103) and attendance at a house staff party (RR, 13.7; 95%
CI, 3.2 to 122) were significant risk factors, with an up to 9.4%
attack rate for the groups that were exposed to them. We
cannot rule out that birds could have transported Cyclospora
oocysts and contaminated the cistern water. We must recon-
sider this outbreak from a different perspective and not rule
out the possibility of a food-borne outbreak associated with the
food served at the house staff party.

Studies conducted in Guatemala concluded that significant
risk factors for cyclosporiasis were drinking untreated water
(odds ratio [OR], 4.2; 95% CI, 1.4 to 12.5) and soil contact
among children �2 years of age (OR, 19.8; 95% CI, 2.2 to
182). These studies also found that among 182 people in the
cohort, four farm workers had asymptomatic cyclosporiasis
(14).

Countries that have areas where Cyclospora is endemic are
listed in Tables 1 and 3. In these countries, Cyclospora shows
marked seasonality. A few cases in patients with no travel
history were also reported in countries where cyclosporiasis is
not considered endemic (Table 2).

Relevant Epidemiological Characteristics of the Parasite

It is not yet clear how oocysts are disseminated or trans-
ferred from one infected person to another. There is biological
and epidemiological evidence suggesting that Cyclospora is an
anthroponotic pathogen transmitted through the fecal-oral
route. However, Cyclospora has some unique characteristics: it
is noninfectious when excreted, requiring 7 to 15 days to sporu-
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late and become infectious, and it is highly resistant to disin-
fectants commonly used in the food industry.

Where oocysts sporulate in natural environments is un-
known, as are the environmental factors that favor or hinder
this process. This knowledge may help in understanding the
unique seasonality of the parasite as well as its geographical
distribution. The time for sporulation contributes to challenges
associated with trace-back outbreak investigations that attempt
to identify sources of the outbreak as well as potential sites or
times of contamination.

Cyclospora is highly resistant to disinfectants commonly used
in food and water processing. This resistance may also be
enhanced by the apparent higher binding affinities of the par-

asite for certain fresh produce. In the case of raspberries,
which have been implicated in several outbreaks, the topogra-
phy of the fruit is characterized by fine hair-like projections
that facilitate the entrapment of the “sticky” Cyclospora oo-
cysts. The microenvironment of the berry provides a favorable
environment for parasite retention on the fruit. The stickiness
of Cyclospora oocysts seems to be stronger than that of Cryp-
tosporidium or Giardia oocysts. The adhesins responsible for
this strong attachment to produce are unknown.

Evidence to date supports observations that C. cayetanensis
is a parasite of humans, and no true infections have been
observed naturally or described for other animal species (39).
The lack of animal models in which to propagate this parasite

TABLE 3. Reported food- and waterborne Cyclospora outbreaks

Date of outbreak Location or country
(city/state/province)

No. of clinically
defined cases

(no. of clusters)
Vehicleh Source of vehicleh Reference

July 1990 United States (Illinois) 21 (1) Tap water United States 91
June 1994 Nepal (Pokhara) 12 (1) River and municipal

water
Nepal 155

June 1995 United States (Florida) 38 (2) Raspberries, country
club

Guatemala, Chile 82

May-June 1995 United States (New York) 32 (1) Food ND 82
September 1995 United States (Florida) 38 ND ND 31
May 1996 United States (Boston, MA) 57 (1) Berry dessert Berriesa 68
May-June 1996 United States/Canadab 1,465 (55) Raspberries 83
April to June 1997 United States/Canadac 1,012 (41) Raspberries Guatemala 84
December 1997 United States (Florida) 12 (1) Mesclun salad Peru 82
July 1997 United States (northern

Virginia; Washington, DC)
48 Basil-pesto pasta salad ND 29

June-July 1997 United States (Washington, DC) 341 (57) Basil-pesto pasta salad Multiple 82
March to May 1997 U.S. cruise ship (Florida

departure)
220 (1) Raspberries Guatemala 30

September 1997 United States (Virginia) 21 (1) Fruit plate ND 82
May 1998 United States (Georgia) 17 (1) Probably fruit salad ND 82
May-June 1998 Canada (Ontario) 221 (13) Berry garnish

(raspberries)
Guatemala 32

August 1999 United States (Missouri) 62 (2) Chicken pasta and
tomato basil salad

Basil from Mexico and
United States

112

May 1999 Canada (Ontario) 104 (1) Dessert (berry)d 82
May 1999 United States (Florida) 94 (1) Fruits, berry ND 82
December 2000 to

January 2001
Southwest Germany 34 Salads, leafy herbs Variouse 57

June 2000 United States (Pennsylvania) 54 Raspberries, wedding
cake

Guatemala 85

April 2001 Mexico (Monterrey) 70 samples Watercress ND 13
January to June 2001 Canada (British Columbia) 17 (1) Thai basil United States 86
September 2001 Indonesia (Bangor) 14 (1) ND ND 22
April 2002 Colombia (Medellin) 31 (of 56

cases)
Salads and juice ND 23

February 2004 United States (Texas; Illinois) 95 ND ND CDC health
update

June-July 2004 United States (Pennsylvania) 96 Snow peas Guatemala 33
November 2004 Peru (Lima) 127 ND Mealsf 180
April 2005 United States (Florida) 592 (6) Fresh basil Restaurants 79
March 2005 Peru (Lima) 45 ND Mealsf 128
September 2005 Turkey (Izmir) 35 Water Water 8
July-August 2007 Turkey (Istanbul) 286 ND ND 143
April 2009 Cruise ship (multiple countries) 160 ND ND CDCg

a California strawberries, Florida blueberries, Guatemala blackberries, and Guatemala/Chile raspberries.
b Twenty states, District of Columbia, and two Canadian provinces.
c Thirteen states, District of Columbia, and one Canadian province.
d Guatemala raspberries, U.S. strawberries, and frozen Chilean raspberries.
e Lettuce from Southern France, mixed lettuce and herbs from Southern Italy, and German chives.
f Naval recruit training base food.
g http://www.cdc.gov/nceh/vsp/surv/GIlist.htm#2009.
h ND, not determined.
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has limited efforts to develop detection methods, understand
its biology, and test control strategies. In all, Cyclospora has
unique characteristics that have challenged our ability to un-
derstand its transmission dynamics in the human population.

Waterborne Outbreaks

Cyclospora oocysts have been detected in water for human
consumption in several instances (Table 3). A study tested 27
sachets containing drinking water that were sold for human
consumption in Accra, Ghana (102). Cryptosporidium oocysts
were identified in 63% of the bags, while 59.3% contained
Cyclospora oocysts, suggesting fecal contamination. Cyclospora
was also identified in 5 of 12 water sources used for human
consumption in rural areas near Guatemala City (58).

In Dakahlia Governorate, Egypt, 0.24% of 840 surveyed
drinking water samples contained Cyclospora oocysts. Diagno-
sis was performed using modified Ziehl-Neelsen (MZN) and
auramine-rhodamine stains (66). Although these stains are not
specific for Cyclospora detection in environmental samples,
they give an indication of the potential source of Cyclospora
contamination.

In 2005, in a village close to Ismir, Turkey, 30 cases of abdom-
inal pain, diarrhea, and nausea were reported for school-age
children (2). Among 191 locals, 5% had Cyclospora infection
(22.8% of patients were under 14 years old) and 8% had
Cryptosporidium infection. Coinfection with Cryptosporidium
and Cyclospora was identified in 1% of the samples. It was
suggested that infections were most likely acquired by inges-
tion of contaminated water, but water analysis was not per-
formed. In Pokhara, Nepal, a waterborne outbreak of Cyclo-
spora involved 12 of 14 British soldiers and dependents who
developed diarrheal illness (155). The drinking water consisted
of a mixture of river and municipal water containing chlorine
at a concentration of 0.3 to 0.8 ppm. Coliform bacteria were
not detected in the water, suggesting that water chlorination
was at acceptable levels, although it was not sufficient to inac-
tivate Cyclospora oocysts. Cyclospora oocysts have also been
detected in drinking water sources in Guatemala, Nepal, and
Haiti (58, 113, 125, 168).

Food-Borne Outbreaks

In the United States, the estimated number of cases of
cyclosporiasis per year attributed to food-borne transmission is
14,638 (with 4.1% of cases caused by parasites), with 15 cases
of hospitalization per year (122). This estimate was done at a
time when many cases of cyclosporiasis were being detected,
mostly associated with imported berries. Raspberries, mesclun
lettuce, basil, and snow peas, most of them imported from
countries where Cyclospora is endemic, have been implicated
in these outbreaks (28, 30, 32, 85), but in many instances the
contaminated foods were not identified. For instance, in an
outbreak that occurred in the United States and Canada in
1996, cyclosporiasis was associated with the consumption of
raspberries (P � 0.05) (83), and raspberries were imported
from Guatemala in 21 of 29 events for which documented data
were available. Contaminated agricultural water was hypothe-
sized as the source of Cyclospora. In this outbreak, the median
attack rate among people who consumed raspberry-containing

items was 93.3%, and the median incubation period was 7 days.
Most cases of cyclosporiasis in the United States have been
associated with consumption of contaminated imported foods.
Based on the reported cases, Cyclospora does not appear to be
endemic to the United States.

Raspberries were also implicated in a multistate outbreak in
the United States in 1997 and in the Georgia and Pennsylvania
outbreaks in 2000. In the Pennsylvania outbreak, a wedding
cake was significantly associated with the illness (RR, 5.9; 95%
CI, 3.6 to 10.5), and the presence of Cyclospora DNA was
confirmed by PCR analysis of the raspberry filling (85). In this
outbreak, the origin of raspberries was not identified. One
farm in Guatemala, one Mexican farm, and U.S. farms could
have provided the contaminated raspberries; however, the
Guatemalan farm was suspected as most likely to be involved
because it was the only farm whose raspberries were also im-
plicated in the Georgia outbreak (85). One peculiarity of this
outbreak was that the raspberries used to make the cake filling
were exposed to freezing conditions, as was the cake before it
was served at the event, suggesting that either Cyclospora is
more resistant to freezing than other parasites or the raspberry
topology played a protective role for this parasite.

In 1999, a chicken pasta salad containing basil (RR, 4.25;
95% CI, 1.80 to 10.01) and a tomato basil salad (RR, 2.95; 95%
CI, 1.72 to 5.07) were associated with cyclosporiasis in two
events in Missouri (112). In this outbreak, Cyclospora was
identified in the chicken pasta salad and basil by PCR and
microscopy. The fresh produce linked to this outbreak was
provided by farms in Mexico and the United States. Snow peas
imported from Guatemala were also associated with a Cyclo-
spora outbreak in the United States (33). The snow peas were
used to prepare the pasta salad, a food item that in this out-
break was significantly associated with cyclosporiasis (RR, 32;
95% CI, 5 to 219).

In 2001, an outbreak was documented in British Columbia,
Canada, with 17 cases of cyclosporiasis. A case-control inves-
tigation for this outbreak reported that 11 of 12 (92%) cases
had consumed Thai basil, compared to 3 of 16 controls. Inter-
estingly, the Thai basil was imported from the United States
(86).

Molecular Epidemiology

Characteristics of polymorphic areas of the genomes of
microorganisms have been studied extensively to better un-
derstand their role in epidemiology. Tracing the source of
infection can be facilitated by genomic comparison between
isolates. Moreover, Cyclospora may be identified clearly and
differentiated from other protozoan parasites and from other
microorganisms involved in coinfections that result in food-
borne or waterborne outbreaks.

The 18S rRNA gene has been used to differentiate Cy-
clospora from other apicomplexan parasites (157). In addi-
tion, sequence analysis of the 18S ribosomal DNA (rDNA)
has shown that Cyclospora strains from humans and baboons
belong to a distinct monophyletic group with 1.6% to 1.7%
dissimilarity, whereas clones of Cyclospora isolates from hu-
mans and baboons are 0.78% and 0.73% dissimilar, respec-
tively, among clones from each species (113). In a different
study, C. papionis, C. colobi, and C. cercopitheci showed se-
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quence identities of 98.4 to 98.7% with the human isolate at
this region (61). However, it should be noted that the 18S
rRNA gene is highly conserved and that multiple copies could
explain low sequence variability; therefore, this region may not
be useful to differentiate between isolates of C. cayetanensis or
other Cyclospora species.

In studies conducted using the highly variable ITS1 region,
C. cayetanensis and C. papionis were clearly differentiated
(132). Considerable variability was determined for C. cayet-
anensis isolates (0 to 6.5%). Internal transcribed spacer (ITS)
sequence variation was greater for U.S. isolates (8.3%) than
for Guatemalan isolates (3.8%), but sequences were not asso-
ciated with the geographical origin of the samples. The high
sequence variability observed in samples obtained from per-
sons in the United States without a recent travel history over-
seas suggests the possibility of an endemic focus for C. cayet-
anensis (132). The ITS1 sequences in five isolates obtained
from the 1996 outbreak in the United States (Floridian iso-
lates) were identical, while different ITS1 sequences were
present in Guatemalan and Peruvian isolates. Seven clones of
Guatemalan isolates were identical to Floridian isolates (1). In
all cases, coinfection or the presence of multiple copies may
explain variability in the ITS1 region.

Although current PCR protocols can be effective in detect-
ing Cyclospora in different samples, these methods cannot dis-
tinguish between sporulated and unsporulated oocysts (82),
limiting their use in biological or epidemiological studies. Use
of PCR for the 18S rDNA region has also been reported to
amplify oocysts of Cyclospora species other than C. cayetanen-
sis; thus, the specificity of the assays needs to be improved
(170).

Epidemiological studies would also be facilitated if there
were serological screening tests for Cyclospora. These assays
would be very useful in outbreak investigations, where asymp-
tomatic or convalescent-phase cases are not usually reported
(126).

DIAGNOSIS AND TREATMENT

Diagnosis

Samples suspected to contain Cyclospora can be examined
using microscopy, molecular detection techniques, or sporula-
tion studies. Samples can be stored in 2.5% potassium dichro-
mate for sporulation or molecular detection or in 10% forma-
lin for direct microscopy, concentration procedures, and
staining or can be frozen for molecular testing and long-term

archiving. Multiple stool samples from the same person at 2- to
3-day intervals may enhance the chance of detecting infections
that have intermittent shedding and/or small numbers of oo-
cysts (64). Cyclospora oocysts can be observed in wet prepara-
tions by light and epifluorescence microscopy. Fecal smears
can be stained and observed using a light microscope or by
molecular analysis, using frozen samples or samples stored in
potassium dichromate.

Proficiency in identification of Cyclospora has been a chal-
lenge since the early 1990s. As a result, a pseudo-outbreak of
Cyclospora was reported in the United States. During 1993 to
1998, in the United Kingdom, 58% of the participating labo-
ratories correctly identified Cyclospora-positive samples in a
wet preparation; 42% reported the wrong parasite or no par-
asite at all (25). Information that patients have obtained from
the Internet and media reports has enhanced the reporting of
food-borne outbreaks in the United States (126).

Light microscopy. Cyclospora can be identified by phase-
contrast microscopy or bright-field microscopy during exami-
nation of specimens for the ova and parasites. The oocysts
measure 8 to 10 �m. Oocysts, when excreted, are spherical
refractile bodies with a central morula (Fig. 2A). If the sample
is stored at 23 to 30°C for 7 to 15 days, the oocysts will differ-
entiate into sporulated oocysts that have two sporocysts (138)
(Fig. 2B).

Like other coccidia, e.g., Eimeria, Toxoplasma, Isospora, etc.,
in animals Cyclospora oocysts autofluoresce white-blue under
an epifluorescence microscope, using a 330-380 DM excitation
filter, or fluorescent green when using an excitation filter of
450-490 DM (Fig. 2C). The intensity of oocyst fluorescence
may be influenced by the time and storage conditions of the
fecal sample. This characteristic has been used to confirm the
diagnosis of Cyclospora and also to purify the parasite from
human fecal samples by flow cytometry. Detection of fluores-
cence has also been suggested as a useful alternative for
screening large numbers of samples in the event of an outbreak
(56).

Staining methods. Cyclospora oocysts stain variably with
MZN acid-fast stain. Some oocysts stain dark red, whereas
others stain pale pink or do not take the stain at all. Safranin
stains oocysts uniformly (98%) when the fecal smear and stain
are heated by microwave treatment (189) (Fig. 2D). Similar
results were obtained when slides were heated at 85°C for 5
min using a water bath (118). Other stains used in parasite
detection, such as Giemsa, trichrome, and Gram-chromo-
thrope stains, do not stain Cyclospora oocysts (189).

FIG. 2. Detection of Cyclospora oocysts. The images show unsporulated (A) and sporulated (B) oocysts and oocysts detected by autofluores-
cence (C) or modified acid-fast stain (D).

226 ORTEGA AND SANCHEZ CLIN. MICROBIOL. REV.



Molecular methods. A nested PCR targeting a segment of
the 18S rRNA gene (positions 685 to 978) was developed by
Relman et al. (157) and has been used widely to examine
clinical specimens in different settings and during outbreak
investigations. The amplified product of about 300 bases
cannot differentiate Cyclospora from Eimeria species. Diges-
tion of the amplified products using the restriction enzyme
MnlI (PCR-restriction fragment length polymorphism
[PCR-RFLP]) followed by visualization by gel electrophore-
sis results in patterns that can discriminate these two genera
of parasites. Compared to conventional microscopy assays,
PCR is a more sensitive diagnostic tool (128).

Hussein (92) examined fecal samples of 140 children with
diarrhea; 17.8% were positive by Kinyoun staining, 22.2% were
positive by autofluorescence, 22.9% were positive by sporula-
tion, and 25% were positive by PCR. Using single nucleotide
polymorphisms (SNPs) of the 18S rRNA, one child was sus-
pected of coinfection with a nonhuman Cyclospora strain.

Using MZN and modified acid-fast trichrome (MAFT) stain-
ing methods followed by confirmation using epifluorescence
microscopy, Cyclospora was detected in patients with mild
(16%) to severe (60%) disease (94). Using PCR and real-time
PCR (RT-PCR), Cyclospora was identified in 100% of positive
cases and 20% of controls (94).

Lalonde and Gajadhar (103) described a PCR technique for
detecting Cyclospora oocysts by use of ITS2 DNA as a target.
DNA was extracted using a QIAamp microkit (Qiagen) and a
DNeasy blood and tissue kit (Qiagen) that included 8 cycles of
a freeze-thaw process in ATL buffer and incubation in protein-
ase K followed by AL buffer. The amplified product of the
PCR assay was a 116-bp segment.

Serological testing. Serological assays to determine human
exposure to Cyclospora are not yet available. However, at-
tempts to determine a serological immune response were done
using immunofluorescent-antibody (IFA) microscopy (38).
Preliminary studies were conducted in China to determine
cellular and humoral immune function in patients with cyclo-
sporiasis. The assays used oocysts produced in guinea pigs.
This animal model and serological testing need to be repro-
duced and validated by other scientists (191). A Western blot
assay has been developed and can identify acute- from conva-
lescent-phase cyclosporiasis (Y. R. Ortega, unpublished data).
A serious limitation of this assay is the large number of oocysts
needed and the lack of an animal model in which Cyclospora
can be propagated.

Concentration procedures. Cyclospora oocysts can be con-
centrated prior to microscopic observation or as a primary step
in parasite purification, and ethyl acetate-formalin sedimenta-
tion has been used frequently. If the goal is to concentrate
viable oocysts, a modification of this procedure includes re-
placing the formalin with saline solution. Other procedures
have been used in which ethyl acetate is replaced by the FeKal
CON-trate system (108). After this initial concentration step,
oocysts can also be purified using discontinuous sucrose gra-
dients. Whenever highly purified oocysts are needed, usually
for research purposes, an additional purification step using
cesium chloride can be used (Ortega, personal observation).

Other concentration/purification protocols have also been
described. A modified aqueous detachment solution contain-
ing 0.563 mM H2Na2P2O7 and 42.8 mM NaCl followed by a

discontinuous sucrose gradient with diatrizoate meglumine
(Renocal) in 0.25 M sucrose yielded cleaner oocysts than did
the use of sucrose gradients (160). In the event that the sam-
ples were preserved in SAF fixative, it is recommended that
equal volumes of SAF-fixed samples and 10% KOH be sub-
jected to vortex homogenization and centrifugation with 0.85%
saline solution (12). The addition of KOH yields larger num-
bers of oocysts than those obtained using SAF-fixed samples
alone. A discontinuous Percoll gradient was reported to re-
cover more oocysts than ethyl acetate and discontinuous su-
crose gradients (123). The Percoll solution was composed of
Percoll and 1.5 M NaCl in a 9:1 ratio. A discontinuous gradient
was then prepared using equal volumes of 60% Percoll solu-
tion as the top layer, with 77.7% Percoll solution at the bottom.
The fecal suspension was then placed on top of the bilayer. The
Percoll gradient was centrifuged at 250 � g for 15 min. The
sample yielded more positive samples than did Sheather’s su-
crose and Formol-ether. This study also described the appli-
cation of the method for recovering other parasites, such as
Cryptosporidium, Giardia, and Entamoeba, and other proto-
zoan oocysts and cysts (123).

Viability

It is important to know if parasites or oocysts in foods or
water can cause infection if ingested. It is also important to
determine parasite viability when testing inactivation strategies
that should neutralize the infectious potential of the parasite.
Currently, there are no animal models or in vitro cultivation
methods to determine the infectious potential of Cyclospora.
Two alternatives have been proposed to determine the viability
of Cyclospora oocysts. The first method is to determine if
unsporulated oocysts sporulate followed by excystation. Al-
though feasible, sporulation/excystation methods are not prac-
tical, and the procedure has not been fully validated (137, 165,
166). The second alternative is electrorotation, which has been
reported to correlate well with vital dyes and morphological
indicators for Giardia oocysts (47, 48). Two parameters were
considered, namely, direction of rotation and rotational veloc-
ity. This technique has been proposed to determine oocyst
viability and compares favorably to oocyst sporulation detec-
tion. The reader should keep in mind that oocyst sporulation
does not necessarily correlate with oocyst infectivity. The ideal
method would correlate sporulation with infectivity by use of
animal models. As noted above, in spite of major efforts, at-
tempts to infect animals with Cyclospora oocysts have been
unsuccessful.

Treatment

The therapy of choice for treatment of cyclosporiasis is
TMP-SMX. Children with cyclosporiasis stopped excreting oo-
cysts after a 3-day treatment with TMP-SMX at 5-25 mg/kg of
body weight/day (114). In a later study, 63 children enrolled in
a double-blind, placebo-controlled trial received the same
3-day course of therapy. The mean time with detectable Cy-
clospora oocysts was 4.8 � 1.2 days for the treated group,
compared to 12.1 � 6.1 days for the placebo group (115). In
Nepal, adult expatriates with Cyclospora infection participated
in a randomized double-blinded study with TMP-SMX given at
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160-800 mg twice a day (BID) for 7 days (88). At that time, 6%
of the treated group was still excreting oocysts. In these pa-
tients, the infection resolved after extending treatment for an
additional week. The eradication of Cyclospora in stools was
directly correlated with clinical improvement (88). In Haiti,
43 patients with Cyclospora infection were treated with
TMP-SMX (144). Recurrent symptomatic cyclosporiasis was
observed in 43% of the patients. As a secondary prophylaxis
treatment, these patients received TMP-SMX three times a
week for 1 month, with success. Other antibiotics, such as
azithromycin (40), norfloxacin, tinidazole, nalidixic acid, dilox-
anide fluorate, and quinacrine (171), have also been tested for
Cyclospora treatment, all without success. In a randomized
control trial, ciprofloxacin (500 mg BID for 7 days) was tested
in a randomized control trial of HIV-positive patients with
cyclosporiasis (186). Diarrhea ceased in all patients receiving
TMP-SMX at 160-800 mg BID (median time to cessation of
diarrhea was 3 days) and in 10 of 11 patients receiving cipro-
floxacin (median time to cessation, 4 days). After 7 days, all
patients receiving TMP-SMX were negative for Cyclospora
upon stool examination, whereas four of the patients receiving
ciprofloxacin were still positive. After 10 weeks of secondary
prophylaxis using either TMP-SMX or ciprofloxacin, all pa-
tients treated with TMP-SMX remained negative and one of
seven had recurrence after 4 weeks. No side effects were ob-
served in any of the patients in the study. Ciprofloxacin can be
used as an alternative therapy, especially in patients who are
allergic to sulfa products (186); however, anecdotal evidence of
treatment failure with ciprofloxacin has also been reported
(198). A 7-day regimen with nitazoxanide has been proposed
as an effective alternative for treatment of cyclosporiasis in a
patient with sulfa allergy (54, 198).

DETECTION AND CONTROL IN
ENVIRONMENTAL SAMPLES

Water

There are reports that suggest waterborne transmission of
Cyclospora. An elderly man with Cyclospora infection was in
contact with a sewage backup in the basement of a house, and
another person in the same house later developed persistent
diarrhea that was suspected to have been caused by Cyclospora
(78). In another suspected waterborne case, a patient without
travel history reported having cleaned a salt water aquarium by
oral siphoning 4 days prior to developing symptoms (192). In a
hospital-based outbreak in Chicago, drinking water was asso-
ciated with Cyclospora infections (91).

Water used either for irrigation or for processing vegetables
has been found to contain Cyclospora oocysts. A study by Tram
et al. (181) found that 11.8% (34/288 samples) of market water
and herb samples and 8.4% (24/287 samples) of farm samples
were positive for Cyclospora. Oocysts were isolated from all
varieties of farm-grown herbs examined (basil, coriander, let-
tuce, marjoram, and Vietnamese mint). Cyclospora contamina-
tion was observed before the rainy season (November to April)
but not during the rainy season (May to October). Interest-
ingly, no human cases were detected in a hospital-based sur-
veillance study performed in the same period.

Cyclospora has also been detected in wastewater (168, 177).

Eight of 11 water samples from a primary oxidation lagoon in
Peru contained Cyclospora oocysts (177). These samples were
concentrated using Envirocheck capsules and Hannifin filters.
Environmental water collected from rivers and lakes in Viet-
man, Guatemala, and Egypt was also positive for Cyclospora
(14, 65, 125). In California, water from the Santa Clara River
was positive for Cyclospora by the Relman PCR protocol; how-
ever, examination of the same samples using other PCR-RFLP
methods yielded negative results (170). These contradictions
suggest that the nested PCR method gives false-positive re-
sults, as amplification of other coccidia present in river water
or environmental samples occurs.

One of the possible vehicles of Cyclospora contamination of
produce could result from use of contaminated water for ap-
plication of pesticides. Fungicides (50% captan WP, 50%
benomyl WP, and 75% zineb WP) and insecticides (25% mal-
athion WP and 47.5% diazinon 4E) do not affect oocyst sporu-
lation (165). Extended incubation (1 week) in Benomyl, how-
ever, reduces sporulation.

Cyclospora can be isolated from irrigation and drinking wa-
ter by filtration, using Hannifin polypropylene cartridge filters
or Envirocheck capsules (177). Particles trapped in the filters
are released using an elution buffer (1% sodium dodecyl sul-
fate, 1% Tween 80, NaCl, KH2PO4, Na2HPO4 � 12H2O, KCl,
and antifoam A). After centrifugation, pellets are stored in
2.5% potassium dichromate and examined for the presence of
Cyclospora. Autofluorescence, phase-contrast microscopy, and
PCR-RFLP have been used successfully to test water samples
(166). Inactivation of Cyclospora oocysts can be accomplished
by freezing at �20°C for at least 2 days or at �70°C for 60 min.
Inactivation also occurs by heating oocysts in water at 70°C for
15 min. Sporulation at 50°C was minimal (0.01 to 0.03%).
Microwave heating inactivates Cyclospora oocysts in water
when the temperature reaches 80°C or higher (139). These
temperatures can be reached in shorter periods than those with
conventional heating.

Foods

Fresh produce samples in Phnom Penh, Cambodia, were
examined for the presence of Cyclospora. High concentrations
of thermotolerant coliforms (ThC), intestinal helminth eggs,
and protozoa were found in a wastewater-fed lake where water
spinach was grown. Water spinach samples contained Cyclo-
spora (8%), Giardia cysts (56%), Cryptosporidium (17%), and
105 to 107 ThC/100 ml (190). Calvo et al. (24) detected Cyclo-
spora in vegetables in local agricultural markets in the Central
Valley of Costa Rica. The highest prevalence of fecal coliforms
was identified during the rainy season. Cyclospora was identi-
fied only in lettuce during the dry season. In Peru, Cyclospora
was identified in vegetables surveyed on three occasions (141).
Of 110 vegetables analyzed, 2 (1.8%) contained Cyclospora in
one survey, and of 62 vegetables sampled in a second survey, 1
(1.6%) contained Cyclospora. Lettuce, mint, and black mint
were contaminated with Cyclospora oocysts. Sherchand et al.
(168) found Cyclospora in vegetables and wastewater in Nepal.

Since Cyclospora has been associated with outbreaks of
food-borne infections, methods for food sample preparation
and detection of the parasite have been a research priority.
Robertson et al. (161) used lectin (wheat germ agglutinin)-
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coated paramagnetic beads to recover Cyclospora oocysts from
fruits and vegetables. The oocyst recovery rate was 12% for
raspberries and 4% for bean sprouts. Although recovery effi-
ciencies were not improved, this method resulted in cleaner
samples that were of smaller volume. Other studies used water,
saline solution, glycine buffer, pH 5.5 (103), and elution buffers
to remove oocysts from food products.

Oocyst detection methods for foods and environmental sam-
ples include direct observation using phase-contrast, bright-
field, and differential interference contrast (DIC) microscopy.
Epifluorescence microscopy has also been used. Other coccid-
ian oocysts also autofluoresce and stain with acid-fast stain, so
these procedures have to be used in combination with other
diagnostic assays. Using Toxoplasma as a surrogate for Cyclo-
spora, Kniel et al. (100) determined that Toxoplasma oocysts
attach better to raspberries than to blueberries, probably be-
cause of the fine hair-like projections on raspberries.

In combination with oocyst extraction from foods, molecular
assays are a useful diagnostic tool. The PCR protocol devel-
oped by Relman et al. (157) was modified to improve the
specificity and sensitivity, primarily to overcome PCR inhibi-
tors and other contaminants present in food matrices. Jinne-
man et al. (95) proposed extracting DNA from Cyclospora
oocysts by using six freeze-thaw cycles. In this protocol, skim
milk (50 mg/ml) was included in the PCR mixtures to over-
come the effects of PCR inhibitors. Although the primers de-
scribed by Relman et al. (157) work well for examining human
samples, nonspecific amplification was noted when examining
environmental samples, which may include parasites from
other animal species (95). This limitation was overcome by
adding an RFLP step, using the MnlI endonuclease. Later, an
oligonucleotide-ligation assay (OLA) was developed for differ-
entiating Cyclospora and Eimeria (96). This procedure could be
automated, allowing a larger number of samples to be tested
and simplifying data analysis. This assay uses two oligonucle-
otides, with one being a biotinylated capture probe (5�) and the
other being a digoxigenin-labeled reporter probe (3�), which
can detect single-base-pair differences.

A quantitative real-time PCR assay with the capacity to
detect one oocyst in 5 �l of reaction mixture has been reported
(184). Another PCR-based method using a different procedure
to prepare the DNA template has been described (136). Pro-
duce was washed, and 50 to 100 �l of the wash was loaded onto
Flinders Technology Associates (FTA) filters. The filters were
allowed to dry at 56°C, and sections of the FTA filters were cut
and used directly in PCRs. These filters are time- and cost-
effective and alleviate difficulties in template preparation when
using washes from produce and environmental samples that
are not too viscous. The detection limit using these filters was
10 to 30 oocysts per 100 g of fresh raspberries (136). A nested
PCR using SNP primers was also developed and seems to offer
a more rapid and sensitive alternative to the PCR-RFLP assay
(134).

Another PCR method that appears to be as sensitive and
specific as the nested PCR described by Relman et al. (157)
was described by Lalonde and Gajadhar. They used the ITS2
gene, with a reported detection limit of 1 to 10 oocysts with the
use of a QIAmp DNA extraction microkit (103).

Control

Cyclosporiasis can be acquired by the ingestion of contam-
inated foods or water. Direct person-to-person transmission is
unlikely, as the excreted oocysts are not infectious and require
more than 7 days outside the host to sporulate. Strategies to
prevent food-borne and waterborne contamination should
therefore target the reduction or prevention of human infec-
tions and strive for improved sanitation. Proper hygiene habits
and food washing and sanitizing may reduce, but would not be
expected to eliminate, the risk of acquiring infections. It has
been demonstrated that these practices do not completely re-
move Cyclospora oocysts from contaminated produce (161).
Good agricultural practices would indeed contribute to reduc-
ing the burden of parasite contamination at the farm level.
These practices would involve the use of properly treated irri-
gation water and the use of pathogen-free water for washing
produce.

Several practices have been tested for the ability to inacti-
vate or reduce the number of viable parasites in foods and in
water. Because of the lack of animal or in vitro infectivity
models, oocyst sporulation has been used as an indicator of
viability. Methods that rely on temperature and time of storage
have been evaluated for killing parasites. For dairy substrates,
storage at �15°C for 24 h did not inactivate Cyclospora oocysts.
For basil or water, storage at �20°C for 2 days, 50°C for 1 h,
and 37°C for up to 4 days did not prevent Cyclospora sporu-
lation; however, extreme temperatures (70°C, �70°C, and
100°C) were effective in preventing oocysts from sporulating
(137). Temperatures frequently used for produce storage, e.g.,
4 to 23°C, do not affect sporulation of Cyclospora. Microwave
heating of Cyclospora oocysts can inactivate oocysts; however,
more time is required to kill Cyclospora oocysts than to kill
Cryptosporidium oocysts. Short exposures to a high tempera-
ture (96°C for 45 s) did not completely prevent the sporulation
of Cyclospora (139). Chemicals have been tested for the ability
to interfere with the sporulation of Cyclospora. Gaseous chlo-
rine dioxide at 4.1 mg/liter does not affect the sporulation of
Cyclospora; however, this treatment does inactivate Cryptospo-
ridium and microsporidia (137).

The lack of in vivo or in vitro methods to test viability has
prompted researchers to use surrogate parasites, such as
Eimeria and Toxoplasma, to evaluate other treatments. Gamma
irradiation (137Cs) of sporulated and unsporulated Toxoplasma
oocysts was evaluated as a model system for inactivation of
Cyclospora oocysts (60). Toxoplasma oocysts treated with �0.4
kGy could sporulate, excyst, and infect cells but did not cause
infections in mice. It was recommended that 0.5 kGy be used
to kill coccidian oocysts on fruits and vegetables (60). Inacti-
vation of Eimeria acervulina oocysts was achieved by freezing,
heating, and irradiation at 1 kGy and higher (105).

High hydrostatic pressure (550 MPa at 40°C for 2 min) and
UV light (up to 261 mW/cm2) treatments of produce contam-
inated with E. acervulina as a Cyclospora surrogate were eval-
uated on experimentally inoculated basil and raspberries (101).
Both treatments yielded smaller numbers of animals infected
with E. acervulina but did not completely inactivate the oocysts
recovered from these food matrices. Toxoplasma oocysts
(VEG strain) inoculated onto raspberries were rendered non-
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infectious to mice when a high-pressure processing treatment
of 340 MPa for 60 s was applied (107).

CONCLUSIONS AND RECOMMENDATIONS

Cyclospora infection is frequently identified in travelers from
areas of endemicity. These infections should therefore be con-
sidered in all travelers with diarrhea. Testing for Cyclospora
must be requested specifically, as standard examinations for
ova and parasites may not look for Cyclospora oocysts. Ade-
quate processing of water and foods and abstaining from con-
sumption of raw produce when traveling to areas of endemicity
will aid in reducing the risk of acquiring Cyclospora infection.
Potable water and cooked foods that are not subsequently
contaminated will reduce the incidence of Cyclospora in local
children and travelers.

Additional diagnostic assays for clinical and environmental
samples need to be developed and implemented. These assays
need to be of low cost, sensitive, and simple to use, so they can
be used widely in developing countries. In vitro or in vivo
systems for propagation of Cyclospora are much needed to
better understand the biology and epidemiology of Cyclospora.

Although large food- or waterborne outbreaks of Cyclospora
infections have not been reported recently in the United
States, sporadic cases are still reported. The safety of imported
foods needs to be monitored. Because treatments for inactiva-
tion and complete removal of Cyclospora oocysts from contam-
inated produce have not been developed, good agricultural
practices and use of filtered or otherwise decontaminated irri-
gation water should be implemented in countries where crops
are grown for local consumption and exportation. Because
globalization of food systems has occurred, developed coun-
tries need to take an active role in helping countries where
disease is endemic to improve practices to minimize the risk of
unsafe foods.

Part of the U.S. food supply is outsourced, in many instances
from areas where Cyclospora is endemic. Based on information
from the Department of Commerce, U.S. Census Bureau, in
2005 approximately 16% of the total U.S. vegetable supply was
imported (M. P. Doyle, personal communication). Leading
export countries included Mexico, Canada, Peru, The Nether-
lands, China, Costa Rica, and Guatemala. Increases in spinach
and lettuce imports between 2000 and 2005 were 314% and
303%, respectively (Doyle, personal communication). With
this in mind, food safety training worldwide is an absolutely
necessity if progress is to be made in providing safe food and
water to consumers internationally.
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